ENG224 - Electrical Machines and Power Systems by unknown
WARNING 
 
This material has been reproduced and communicated to you by or on behalf of Charles Darwin 
University in accordance with section 113P of the Copyright Act 1968 (Act). 
The material in this communication may be subject to copyright under the Act.  
Any further reproduction or communication of this material by you may be the subject of copyright 
protection under the Act. 
 
 
Do not remove this notice 
  
 Semester 2, 2017 FINAL EXAMINATION Page 1 of 6  
ENG224 – Electrical Machines and Power Systems 
 
THIS EXAMINATION PAPER AND SUPPLIED MATERIALS ARE NOT PERMITTED TO BE REMOVED FROM ANY EXAMINATION VENUE IN ANY 
CIRCUMSTANCE.  THIS EXAMINATION IS PRINTED DOUBLE-SIDED. 
 
 
           Charles Darwin University 
                    Final Examination  
 
 




Reading Time: 10 minutes 
Writing Time: 180 minutes 
 




You may begin writing from the commencement of the examination session.  The reading time indicated above is 
provided as a guide only. 
This is a CLOSED BOOK examination 
Any non-programmable calculator is permitted 
No handwritten notes are permitted 
No dictionaries are permitted 
ADDITIONAL AUTHORISED MATERIALS EXAMINATION MATERIALS TO BE SUPPLIED 
 




1 x 20 Page Book 







Family Name  
Given Name/s  
Student Number       
Teaching Period Semester 2, 2017 
 Semester 2, 2017 FINAL EXAMINATION Page 2 of 6  
ENG224 – Electrical Machines and Power Systems 
 
THIS EXAMINATION PAPER AND SUPPLIED MATERIALS ARE NOT PERMITTED TO BE REMOVED FROM ANY EXAMINATION VENUE IN ANY 






THIS EXAMINATION IS PRINTED  
DOUBLE-SIDED. 
 




 Semester 2, 2017 FINAL EXAMINATION Page 3 of 6  
ENG224 – Electrical Machines and Power Systems 
 
THIS EXAMINATION PAPER AND SUPPLIED MATERIALS ARE NOT PERMITTED TO BE REMOVED FROM ANY EXAMINATION VENUE IN ANY 
CIRCUMSTANCE.  THIS EXAMINATION IS PRINTED DOUBLE-SIDED. 
 
QUESTION 1          (10 marks) 
Answer the following questions in plain English, without using any equations or formulas. 
Answers should be brief and to-the-point.     (2 marks each) 
 
Q1.1 In the problems of magnetic circuits, an air gap is very often included. What is the 
practical significance of this air gap? 
Q1.2 Why is a transformer more efficient than, for example, an induction motor?  
Q1.3 Is the magnetic circuit (rotor and stator) of a dc machine not laminated? 
Q1.4 What is the reason for most transmission system being AC? 
Q1.5 We talk about friction and windage losses in machines. What is this windage loss and 
how do you measure it? 
 
QUESTION 2          (10 marks) 
A 20-kVA, 50-Hz, 2000/200-volt distribution transformer has leakage impedance of 0.42 + j 
0.52 ohms in the high voltage winding and 0.004 + j 0.005 ohm in the low voltage winding. At 
rated voltage and frequency, the shunt branch admittance (note: not impedance) is 0.002 – j 
0.015 siemens when seen from the low voltage side. Draw the equivalent circuit of the 
transformer referred to the high voltage side. 
 
QUESTION 3           (10 marks) 
A 1-MW, three-phase, star connected, 3.3-kV, 24-pole, 50-Hz synchronous motor has a 
synchronous reactance of 3.24 ohms per phase. The armature resistance may be ignored. 
This motor is energized from 3.3-kV infinite bus bars. The field excitation is adjusted until unity 
power factor at rated load is achieved. Compute the maximum power and torque that the 
motor can deliver with the excitation remaining unchanged. 
 
QUESTION 4            (5 marks) 
Draw the speed-torque characteristic of a shunt dc motor with torque in the horizontal axis and 
answer the following questions. 
Q4.1 Does the characteristic indicate a constant-speed machine? Discuss..  (1 mark) 
Q4.2 On the same graph, you wish to draw the characteristic of a differential compound dc 
motor with the same no-load speed as the separately excited motor. Does this 
characteristic go above or below the characteristic of the shunt motor? Explain..  
           (4 marks) 
 Semester 2, 2017 FINAL EXAMINATION Page 4 of 6  
ENG224 – Electrical Machines and Power Systems 
 
THIS EXAMINATION PAPER AND SUPPLIED MATERIALS ARE NOT PERMITTED TO BE REMOVED FROM ANY EXAMINATION VENUE IN ANY 
CIRCUMSTANCE.  THIS EXAMINATION IS PRINTED DOUBLE-SIDED. 
 
QUESTION 5            (15 marks) 
The one-line diagram of a small three phase power system is shown in Figure 5 below. Load 
and equipment data are also given in the table following the figure. Determine the component 
















Generator, G 90 22 18 
Transformer, T1 50 22/220 10 
Transformer, T2 40 220/11 6 
Transformer, T3 40 22/110 6.4 
Transformer, T4 40 110/11 8 
Motor, M 66.5 10.45 18.5 
Line data 
Line 1   48.4 ohms 
Line 2   65.43 ohms 
Load data 
Load 57 10.45 0.6 pf lagging 
 
End of questions. 
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FORMULAS 
(Symbols have their usual meanings in the context of the particular formula) 
MAGNETIC CIRCUITS: A/dNμ/Nλ/iL 22  ;    φHNi  ; Ni/μHμB  ; 








































































INDUCTION MACHINES: (Torque and power are given on a per phase basis)  
p
f

































    1th XX   
































































K a  ; ωKE aa  ; aa IKT  ; ωTIEP aaout  ; La=p wound. 
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Q   
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ZZ   
OTHERS:  LL IV3S  ; 1 horse power = 746 watts. 
 
